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The application of preaeration of sewage on the operation and 
design of waste stabilization lagoons was investigated and its effect 
on the permissible BOD loadings was determined to provide original and 
basic information of value to the sewage treatment field.
The investigation was conducted using two 15 gallon aquariums, 
one of which was designated as the Control Lagoon and the other as the 
Test Lagoon. These experimental lagoons were subjected to 12 hour 
diurnal light and dark cycles, provided by means of fluorescent light 
fixtures.
Raw sewage and aerated raw sewage were fed daily to the Control 
and Test Lagoons, respectively. Three different BOD loadings were used 
in this investigation ranging from 35 to 118 pounds of BOD per acre per 
day. The raw sewage was aerated for a period of four hours before use.
The primary parameter employed in this investigation was the BOD 
determination. In addition, the dissolved oxygen, suspended solids, pH, 
and coliform group determinations and a microscopic examination provided 
information of value to the studies.
It was found that preaeration was beneficial to BOD reductions 
for loadings above 59 pounds of BOD per acre per day but that at lower 
loadings preaeration had no appreciable effect on the reductions.
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I . INTRODUCTION
Various names have been applied to an open pond which receives and 
treats sewage, including oxidation pond, stabilization pond, lagoon, and 
waste stabilization lagoon. All of these names have been employed to de­
scribe ponds that have been used to treat sewage and constitute either a 
complete or a secondary treatment process.
Since 1950 sewage lagoons have received increased popularity as a 
process for the complete treatment of raw sewage. This is demonstrated 
by the fact that, under Public Law 660, in a period of approximately 3% 
years, from January, 1957 to August, 1960, construction grants were made 
for 443 projects for installation of waste stabilization lagoons in 32 
states. Ninety seven percent of these projects were granted for the con­
struction of 432 raw sewage lagoons (1)•
The basic mechanism involved in sewage treatment by a waste 
stabilization lagoon depends upon the interactions of bacteria and algae. 
The bacteria decompose the organic matter present in the sewage to more 
stable products, and in doing this, furnish nutrients necessary for 
algal growth. The algae produce a surplus of oxygen through photo­
synthesis, thereby creating and maintaining aerobic conditions for the 
bacteria (2, pg. 393).
Since lagoons depend mainly on the interaction between algae and 
bacteria in the presence of sunlight and nutrients supplied by the sewage, 
their operation costs are at a minimum. The estimated annual operation 
and maintenance costs for a waste stabilization lagoon range between $0.20
and $1.00 per capita as compared to conventional waste treatment plant 
costs of $1.00 to $4,00 per capita (3)• In addition the initial cost of 
construction of the lagoon is far less than that for a conventional plant 
since structures and equipment are not required.
Lagoons have been used mainly in communities of less than 5,000 
population since they require large areas. For example, in Missouri the 
land area presently recommended for a lagoon is one acre per 200 persons 
served with additional area needed for dikes and maintenance roads. 
Therefore, in some communities the use of a lagoon for sewage treatment 
or the expansion of an existing lagoon facility is not feasible because 
the required land is either not available or prohibitive in cost.
Preaeration has been recently proposed as a means of pretreatment 
of sewage prior to a stabilization pond, in order to reduce the BOD 
loading of the waste or increase its treatability. It is expected that 
application of increased loadings or use of smaller areas will result 
from this treatment. However, little information is available on this 
subject.
Therefore, this investigation was undertaken to study the effects 
of preaeration of the sewage on the biochemical oxygen demand loadings 
of waste stabilization lagoons. This study was conducted in the 
laboratory using two aquariinns, illuminated by means of the same light 
source. The test lagoon was fed aerated raw sewage and the control 
lagoon was fed non-aerated raw sewage. The quantities of raw sewage were 
increased during the investigation to evaluate the functional operation 
of the lagoons at different loadings.
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The results of the studies proved encouraging since the test 
lagoon which received the aerated sewage remained aerobic when loadings 
up to a maximum of 108 pounds of BOD per acre per day were applied. In 
comparison, the control lagoon, fed with non-aerated raw sewage, became 
anaerobic at a loading of 111 pounds of BOD per acre per day. This 
indicated that use of preaeration may result in a reduction of the 
lagoon area by approximately 50 percent or that the loadings may be in­
creased by approximately 100 percent.
II. REVIEW OF LITERATURE
A comprehensive search of the literature pertaining to this field 
of investigation was undertaken to find out the work done on the subject 
of the effect of preaeration on the biochemical oxygen demand loadings 
of waste stabilization lagoons.
This search revealed that no work has been done in this particular 
area of study. Therefore, this literature review will encompass the in­
formation available on waste stabilization lagoons and pertinent 
literature on preaeration.
A. WASTE STABILIZATION LAGOONS
Prior to 1950 sewage oxidation lagoons were utilized mainly as a 
secondary treatment process (4) (5) (6) (7). However, since 1950 waste 
stabilization lagoons have received increasing attention as a process of 
complete treatment of raw sewage. Plant studies have been conducted in 
numerous states and the results of these studies have been published.
Recently, in August of 1960, a symposium on waste stabilization 
lagoons was held in Kansas City, Missouri. Representatives from many of 
the states and organizations that had conducted investigations on sewage 
oxidation lagoons participated and presented the results of their studies 
These presentations included investigations performed in the field of 
sewage treatment by means of sewage oxidation lagoons and covered the 
time period between their first application in the respective states to 
the date of the symposium. The published proceedings of this conference 
constitute a major portion of all the literature on this subject up to
that time. The articles presented in the remaining portion of this review 
of literature have been selected to point out the universal application of 
lagoons over a vast geographical area. Emphasis was placed on the design 
practices accepted by the various state authorities and in particular on 
the BOD loadings, depth, volume requirements, detention times and the 
effects of the climatologic conditions,
Smallhorst (8) discussed the history of oxidation ponds in the 
Southwest including five states, Arkansas, Oklahoma, Louisiana, New 
Mexico and Texas, However, the report was primarily concerned with 
Texas. In the five states there was a total of 274 ponds in operation and 
in Texas alone out of the 700 sewage treatment plants about 200 had ponds 
in one form or another. At the time of the symposium Texas was still con­
tinuing the policy of requiring some form of pretreatment ahead of the 
impoundments or oxidation ponds. The loadings in the five states ranged 
from 30 to 50 pounds of BOD per acre per day and the types of wastes 
treated varied from domestic sewage to industrial wastes or combinations. 
Types of industrial wastes that had been successfully treated were 
slaughter house, milk processing, cotton seed oil processing and canning 
plant wastes. Many of the ponds in Texas have produced no effluent due 
to seepage and evaporation losses and throughout the five states the 
effluent from many of the ponds was used for irrigation.
Oswald (9) reported on stabilization pond research and installation 
experiences in California. He indicated that the hydraulic properties are 
inq>ortant in the design of an oxidation pond and evaporation and perco­
lation losses must be considered in the design to permit the formation 
of a hydromass of sufficient size to prevent rapid changes in
6temperature, pH, gaseous tension and nutrient concentrations. Therefore, 
the inflow rate must be equal to or greater than the combined evaporation 
and percolation rates.
The allowable organic loading on the pond depended upon the rate 
at which various biological processes disposed of the load. The magnitude 
of this rate was the sum of all the rates of the biological processes.
The initial process acting upon the matter entering the pond was bio­
logical oxidation and was dependent upon a sustained continuity of a pH 
between 7 and 9, a temperature of 15 to 25°C., a dissolved oxygen residual 
between 2 and 10 mg/1, sufficient time to develop a stable microbial 
population, and organic matter.
Biological oxidation and flocculation brought about sedimentation 
of most of the dissolved organic matter within a period of 24 hours. The 
amount of the sediment equaled or surpassed the organic loading and be­
cause of its position at the bottom of the pond it was no longer sub- 
jected to aerobic action. The action that took place on this matter de­
pended upon the existing conditions. If the temperature was near 4°C. or 
if the pH was below 5.5 the matter accumulated at the bottom since de­
composition was very slow under those conditions. If the temperature was 
high, acid decomposition occurred with the possibility of the hydrogen 
sulfide nuisance. Another possibility was methane fermentation. 
Theoretically, under ideal conditions, several hundred pounds of organic 
matter per acre per day could be converted to methane. According to 
Oswald (9), this condition, once established, permits a stable, low 
nuisance, operation. The last action that might have taken place was the 
resuspension of the organic matter permitting aerobic decomposition.
Oswald (9) reported that the design of most California ponds was 
based upon a BOD loading of 40 to 50 pounds of BOD per acre per day and 
a depth between 5 and 6 feet. Also anaerobic ponds were reported which 
were 10 to 12 feet in depth. The major groups of algae found in almost 
every case were Chlorella, Scenedesmus, Euglena, or Chlamydomonas.
Cooley and Jennings (10) studied the performance of a sewage 
stabilization pond installation at Farmville, Virginia to determine the 
maximum BOD loading which could be used in that area. The study was run 
with three ponds in parallel, two ponds in series and three ponds in 
series, The depth of the ponds was 3 feet and by varying the loadings 
detention times of 132 to 22 days were obtained. On the basis of this 
study it was expected that sewage lagoons with loadings of 200 persons 
per acre per day corresponding to 33 pounds of BOD per acre per day would 
be approved by the State Water Control Board.
Johnston (11) reported on the development of lagoons in Mississippi, 
the first of which was installed in 1956. The only design criterium pre­
sented was the loading of 35 pounds of BOD per acre per day. The re­
maining portion of his presentation was involved with testimonials from 
various officials and citizens concerning the lagoons.
Sewage lagoons in North Dakota were discussed by Van Heuvelen and 
Svore (12) as an inexpensive method of sewage treatment in North Dakota. 
Experience with lagooning in North Dakota began in 1928 at the town of 
Fessenden. Since that time lagoons have increased in number and design 
considerations have been developed. It was pointed out that the optimum 
water depth of the lagoon was 3 to 5 feet, allowing good mixing by wave
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action. This action would not have been obtained in a deeper water. 
Also, the lagoon was shallow enough so that light would penetrate and 
permitted algae growth and deep enough to prevent difficulties from ice 
formations. The area recommended for North Dakota sewage lagoons is one 
acre per 100 population or a volume equal to 200 times the daily sewage 
flow.
Van Heuvelen (13) in 1960 presented additional information on the 
use of stabilization lagoons in North Dakota. The basic design loading 
remained the same as previously reported (12), generally at 20 pounds of 
BOD per day with a maximum loading of 40 pounds of BOD per acre per day. 
The liquid depth was still recommended at 5 feet with outlet structures 
arranged in a manner permitting operation at lower depths , The lagoons 
were constructed to provide winter storage of approximately 120 days 
enabling the discharge into the streams when the water flow was the 
highest. Although some problems developed during the spring transition 
period they were of minor consequence when the lagoons were loaded 
according to the design value.
Brinck (14) reported on the growing popularity of lagoons in 
Montana since 1953 when the first one was placed in operation. As of 
June, 1960 there were 44 standard sewage lagoons in operation and 11 
under construction. Of the 44 lagoons 17 were loaded at 35 pounds of 
BOD per acre per day and had a depth of 5 feet. This 5 foot depth was 
necessary to prevent the formation of ice throughout the total depth.
It may be noted that some of the Montana lagoons have operated satis­
factorily in areas where the winter temperature reaches minus 50°F.
Rogers (15) briefly reviewed the progress of sewage stabilization 
ponds in Minnesota. At all installations in this state, at least two 
ponds were provided in series and the primary pond was designed according 
to a BOD loading of 15 to 20 pounds of BOD per acre per day. Liquid 
depths were normally 3 to 5 feet, except prior to the winter when the 
pond water levels were lowered to permit a six months storage for the 
winter flows. Odors were not a problem except for a few days following 
the melting of the ice cover during the spring,
Carl and Kalda (16) discussed waste stabilization ponds in South 
Dakota. Ponds were first installed in 1951 in this state and have con­
stantly increased in number until 77 ponds were operating in 1960. To 
illustrate the satisfactory operation of this method of sewage treatment 
in South Dakota the authors reported that there had not been any con­
ventional sewage treatment plants built in towns of 5,000 population or 
less in the five years preceding this presentation. The recommended 
loading for South Dakota stabilization ponds was 20 pounds of BOD per 
acre per day, or one acre per 100 persons, and a depth between 3 and 5 
feet. It was further mentioned that some odor problems had developed 
during the spring ice melting period.
Schliekeliman (17) reported on sewage lagoons in Iowa. The loading 
recommended in this state was 20 pounds of BOD per acre per day. Two 
cells or ponds were recommended to permit parallel or series operation. 
Operation in series was conducted during the summer to lower the algae 
count of the effluent and parallel operation was used during the winter 
to permit application of lower loadings to the ponds.
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Neel,,McDermott and Monday (18) described the experimental lagoon 
for raw sewage at Fayette, Missouri. The objectives of this controlled 
field study were to determine the performance of the lagoons on the basis 
of effluent quality and possible nuisance development; the efficiency of 
operation at various loading rates and climatological variations; and the 
most favorable loading for this location in pounds of BOD per acre per 
day.
The installation was composed of six lagoons. Of these lagoons, 
five were primary units and the sixth a combination primary and secondary 
unit. A sewage distributor was also installed to control the flows to 
the various units. Loadings of 20, 40, 60, 80, 100 pounds of BOD per 
acre per day were applied to the 5 primary ponds, respectively, and the 
effluents from these ponds, together with excess raw sewage, were dis­
charged into the sixth lagoon. The entire,facility produced a high 
quality effluent and the individual ponds operated efficiently until ice 
cover reduced photosynthesis. At this time the performance of the units 
loaded with 60 to 100 pounds BOD per acre per day, declined. In all ponds 
coliform bacteria removals were in excess of 99.99 percent and BOD re­
movals averaged above 80 percent. The lowest detention time of 17 days 
occurred in the pond which had the highest loading of 100 pounds of BOD 
per acre per day. Additional investigations were conducted to evaluate 
the pH alkalinity, phosporus, nitrogen, chloride and phytoplankton growth 
and identification. A major recommendation derived from this study was 
that twin or multicell facilities were more adaptable to high summer and 
low winter loads.
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Ludwig et al (19) investigated the growth characteristics of a 
single species of algae, Euglena gracilis, cultured in a sewage en­
vironment. This species was chosen because it was one of the predominant 
species found in oxidation ponds . The Euglena were grown under laboratory 
conditions in an abundance of light. It was found that cells growing in- 
a favorable environment were small, dark green, rapidly reproducing and 
growing, contained a minimum of fat, and produced more oxygen than they 
respired. These were called "young^* cells. On the other hand, "old” 
cells were those growing in an unfavorable environment. They were large, 
fat, yellowish in color, reproduced and grew slowly and produced less 
oxygen than they respired.
According to Ludwig et al (19) the types of cells that were 
normally found in pond effluents were "young" cells. When discharged 
into water courses these cells could remain alive indefinitely since it 
appeared that they could not become "old" until the waters were 
practically freed of pollution.
Similar tests (20) were conducted at the University of Californ'a 
using Chlorella pyrenordosa. Chlorella like Euglena remained "young” 
under a high rate of sewage application corresponding to a short de­
tention period. As the rate of loading was decreased the cells remained 
in a vigorous multiplying state but the cell size was smaller. Eventually, 
however, a larger number of cells ceased to multiply, as the loadings 
were further reduced.
Hermann and Gloyna (21) (22) (23) (24) described the collection 
procedure for the experimental and field data which was used to formulate
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a design equation for use with waste stabilization ponds. The formula 
that they obtained for the determination of the lagoon volume was:
V = 5.37 X  10"^ Nqy 1.072^^^"^^ 
where:
V = the lagoon volume in acre-foot 
N = the number of people served
q = the sewage flow in gpcd
y = the 5 day BOD in mg/1
T = the operating eemperature in C .
The authors (23) further stated that both the BOD and hydraulic 
loadings should be based upon volume rather than surface area of the 
lagoon and that the optimum depth was between 2 and 3.5 feet. Temperature 
was an important factor controlling the rate of stabilization in an 
anaerobic-aerobic pond. They also stated that incident light in­
tensities greater than 600 to 1000 foot candles had relatively little 
effect on the stabilization process.
Hopkins (25) reported the findings and recommendations of a 
committee which was appointed by the Missouri Basin Engineering Health 
Council to document the design, construction and operating practices 
generally used for waste stabilization lagoons in the Missouri Basin. 
According to the committee findings, loadings of 10 to 34 pounds of BOD 
per acre per day were satisfactory. However, the hydraulic loading must 
be also considered. Although in cold climates it might be desirable to 
store the winter time flows, in mild climates lagoons may be operated 
on a continuous flow basis. The continuous flow lagoons receiving raw 
sewage normally en5)loyed a detention period of 60 days but 90 to 120 days 
were at times specified. Multiple unit operations had been used and were
13
recommended. Even for small installations, 6 to 8 acres, it was pre­
ferable to have at least two units. The author also reported that various 
pond liquid depths had been used and experience had demonstrated that 
operations at selected depths up to 5 feet were desirable. It should be 
pointed out, however, that if the lagoon is to be operated at a shallow 
depth a minimum depth of 25 inches should be maintained to discourage 
emergent vegetation (26).
Stabilization pond studies in Wisconsin, reported by Mackenthun 
and McNabb (27), revealed that during August, 1958 the depth at which the 
rate of photosynthetic oxygen production was equivalent to the total 
respiratory use was just above 30 inches.
Palmer (28, pg. 55) discussed the use of algae as a reliable index 
of the progress in oxidation of sewage in a stabilization pond. He 
stated that the presence of Chlorella as the predominant algae in the pond 
effluent indicated that it was operating at its loading capacity or over. 
However, if it contained a mixed flora the pond was capable of handling 
a heavier load.
Caldwell (5) stated that the efficiency of oxidation ponds in re­
moving microorganisms of the coliform group was believed to be due to the 
release by the algae of substances which were toxic to bacteria. It 
should be noted, however, that the antibiotic inhibition of coliforms by 
algae has not been accepted by other investigators (29, pg. 173).
According to McKinney (30, p. 242): "It has been said by some 
that the rapid die-off of coliform bacteria points to the 
production of antibiotics by the algae or other bacteria. 
Actually, there has been no evidence of antibiotic production
in oxidation ponds, but there is a rapid die-off of 
coliforms. The reason for this lies in the competition 
of the predominating microorganisms for food and high 
population of predatory protozoa."
B . PREAERATION
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Since the early 1930's studies on preaeration have been undertaken 
and the results have been published. These studies were mainly involved 
with preaeration as it applied to activated sludge and sewage sedi­
mentation. Therefore, only those articles that have a direct bearing 
on the effect of preaeration in the operation of waste stabilization 
ponds have been included in this literature review.
Mann (31) reported on a study conducted in Syracuse, New York in 
1944 and 1945 and which investigated the effect of plain aeration on a 
primary effluent. This primary effluent was aerated for varying periods 
between 2 and 35 hours and was then taken through a final settling tank. 
The reductions of BOD and suspended solids that were obtained were very 
good and approached 90 percent after settling. It was found that 
aeration up to 8 hours was beneficial, but that little reduction was 
a ccomplished upon further aeration.
Roe (32) on the basis of a survey of experiences at operating 
plants, concluded that preaeration established a positive oxidation re­
duction potential and prevented septicity in relatively short periods of 
time; removed entrained hydrogen sulfide and carbon dioxide; increased 
the efficiency of grease removal; and initiated mechanical and biological 
flocculation of solids in a short period. This flocculation continued, 
with improved results, as the period of aeration increased.
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Siedel and Baumann (33) (34), in their laboratory studies on the 
effects of preaeration on the primary treatment of sewage, obtained BOD 
and suspended solids removals of 8 to 15.5 percent and 18 to 35 percent, 
respectively, after 60 minutes aeration. It should be noted however that 
a ccording to the authors these reductions were never achieved in their 
plant scale studies which were conducted later in the investigation.
C. SUMMARY
A number of articles have been presented on waste stabilization 
lagoons and sewage pretreatment by aeration. These are summarized below 
under three headings: plant operation data on waste stabilization lagoons; 
laboratory studies on waste stabilization lagoons; and preaeration of 
sewage.
1. Plant operation data on waste stabilization lagoons.
a. The recommended BOD loadings ranged from 10 to 50 pounds per acre per 
day depending upon the climatic conditions of the particular state.
States with cold climates used the lower loading rates while states with 
warm climates permitted higher loadings.
b . The uniformly recommended depth of the lagoon was between 3 and 5 
feet. This range was desirable because it permitted mixing in the lagoon 
and light penetration for photosynthesis and discouraged emergent vege­
tation.
c. The detention time normally employed for a stabilization lagoon was 
60 days but ranged up to 120 days.
16
2, Laboratory studies on waste stabilization lagoons.
a. Light intensities greater than 600 to 1000 foot candles had little 
effect on stabilization.
b . The algae in lagoon effluents were "young" and lived indefinitely
in the receiving waters, provided that some pollution was present in the 
stream.
3. Preaeration of sewage.
a. Preaeration was found to increase the treatability of the sewage.
b. Laboratory investigations at Iowa State College indicated BOD re­
ductions of 8 to 15.5 percent by means of preaeration. These reductions, 
however, were not later substantiated in plant studies.
Finally, it should be noted that little work, if any, has been done 






The experimental lagoons used in the studies were two commercially 
purchased aquariums having a capacity of 15 gallons each. The dimensions 
of the volume occupied by the liquid were 12 inches in width, 11.25 
inches in depth and 23.5 inches in length, giving a volume of 1.84 
cubic feet.
2. Arrangement.
The lagoons were placed end to end on a table with two fluorescent 
light fixtures suspended above them. The same fixtures supplied light 
for both lagoons. The arrangement of facilities is shown in Figure 1.
3. Light.
The light source consisted of four 40 watt fluorescent tubes 
placed over the length of the test lagoons, as pictured in Figure 1.
The light was regulated on a 12 hour on-off cycle using a Time All, 
Appliance Timer Model A211-4, International Register Company, Chicago, 
Illinois, ^he light intensity was measured using a Weston Foot Candle 
Meter, Model 614, Weston Electrical Instrument Corporation, Newark, New 
Jersey. The intensity at the surface varied from 385 foot candles at 
the extreme ends of the lagoons to 600 foot candles in the center of 
the arrangement.
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FIGURE 1. ARRANGEMENT OF EXPERIMENTAL LAGOONS
49
The light source and intensity was maintained constant throughout 
the studies. Shielding was placed around the aquarium sides to permit 
light to enter only at the surface and shields were also placed over the 
lagoons and lights to exclude reflected sunlight.
4. Temperature.
There was no attempt made to control the temperature of the test 
lagoons. However, the temperature remained at 21 +  l^C. for the entire 
length of the investigations.
5. Test and Control Lagoons.
Two experimental lagoons were used in this investigation and were 
designated as the Test Lagoon and the Control Lagoon. The Test Lagoon 
received aerated raw sewage and the Control Lagoon was fed with non- 
aerated raw sewage. Therefore, the Control Lagoon served as a basis of 
comparison for the Test Lagoon since both operated under the same en­
vironmental conditions of light and temperature.
6. Sewage Feed,
Measured quantities of raw sewage and aerated sewage were added 
daily to the Control Lagoon and Test Lagoon, respectively. The sewage 
was added once a day after an appropriate quantity of lagoon water was 
withdrawn.
7 . Sample Removal.
All samples were removed from a depth of approximately three inches
iSO
below the water surface using two siphons which were located at the 




a. Dissolved Oxygen Determination.
The presence of dissolved oxygen in liquid wastes is the factor 
that determines whether the biological processes occurring are aerobic 
or anaerobic. The aerobic process requires free dissolved oxygen and 
produces innocus end products (35)•
It is highly important that conditions favorable to aerobic 
organisms be maintained in a waste stabilization lagoon in order that 
the stabilization of the organic matter can be accomplished effectively 
and without the development of obnoxious odors and nuisance.
Dissolved oxygen determinations were made periodically during 
this investigation on samples of the raw sewage, aerated sewage and 
lagoon effluents from both the experimental units.
These determinations were performed using the Alsterberg (Azide) 
Modification of the Winkler Method, in accordance with the procedures out­
lined in Standard Methods for Examination of Water and Waste Water (36). 
The Azide modification consists of the addition of sodium azide to the 
sample to eliminate the possible interference by nitrites.
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b. Biochemical Oxygen Demand (BOD) Determination.
The BOD test is commonly used to determine the strength of sewage 
and is an important consideration in the design of treatment facilities. 
It is a factor used in determining the size and type of the treatment 
facility required and is also used to evaluate the efficiency of the 
treatment after they have been placed in operation (35).
According to Sawyer (35, pg. 270) "Biochemical Oxygen 
Demand (BOD) is usually defined as the amount of 
oxygen required by bacteria while stabilizing de­
composable matter under aerobic conditions, The term 
"decomposable" may be interpreted as meaning that the 
organic matter can serve as food for the bacteria and 
energy is derived from its oxidation."
Therefore, the stronger the organic waste containing a bacterial 
population, the greater the number of bacteria that it will support, 
thus utilizing the available oxygen at a faster rate.
On the basis of its universal use and importance in regulatory 
work the BOD determination was chosen as the primary test parameter and 
samples of the raw sewage, aerated sewage and effluents from the test 
lagoons were examined to determine their biochemical oxygen demand, 
using the standard BOD test (36).
The standard BOD test consists of the determination of dissolved 
oxygen present in the sample prior to and after a period of incubation 
of 5 days at 20°C. If the BOD of the sample is greater than the avail­
able dissolved oxygen, a dilution must be used. Dilutions of 1 or 1.33 
percent were found necessary for the raw and aerated sewage and dilutions 
between 6.67 and 33.3 percent were used for the lagoon effluents. Single
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samples were used. The dilution water was prepared by adding a buffering 
solution and nutrients to demineralized, distilled water in accordance 
with the instructions outlined in Standard Methods for Examination of 
Water and Waste Water (36).
The Biochemical Oxygen Demand was calculated in milligrams per 
liter as follows:
mg/1 BOD - ^ 1  ~ ^ 2
where:
DO, = the initial dissolved oxygen of the diluted sample
DO2 = 
P *
the dissolved oxygen of the diluted sample after a 
5 day incubation period at 20 C .
the percent of sample used, expressed as a decimal 
fraction.
c. Suspended Solids (Non Filtrable Residue) Determination.
Suspended solids determinations are used as another parameter to 
measure the strength of sewage and suspended solids removals are fre­
quently used as a measure of the efficiency of a treatment process.
Suspended solids determinations were made periodically during 
this investigation on samples of the raw sewage and of both lagoon 
effluents. Duplicate determinations of single samples were performed 
and the average was used. The quantities of the samples filtered were 50 
and 100 milliliters for the raw sewage and 250 to 500 milliliters for the 
lagoon effluents.
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These determinations were performed in accordance with the pro­
cedures outlined under Total Suspended Matter (Non Filtrable Residue) 
in the Standard Methods for the Examination of Water and Waste Water 
(36).
d. Coliform Group Determination.
The coliform group determination was used to evaluate the 
effectiveness of the lagoons in removing organisms of the coliform group. 
It should be noted that coliforms are used as an indicator group for the 
presence or absence of pathogenic bacteria.
The Multitube Fermentation Technique was used for this deter­
mination and was performed in accordance with the procedures outlined 
in the Standard Methods for Examination of Water and Waste Water (36).
This examination is qualitative since it simply indicates the presence 
or absence of the coliform group. It is necessary to have a quantitative 
analysis in order to evaluate the extent of the contamination. There­
fore, the Most Probable Number (MPN) Test was used. This test is an 
expansion of the Multitube Fermentation Technique in which the numbers 
of coliforms present are obtained by statistical means and are ex­
pressed as the Most Probable Number of coliform organisms per 100 
milliliters of sample.
Three separate tests, performed in series, are involved in the 
detection and enumeration of coliforms; they are: the Presumptive Test; 
the Confirmed Test; and the Completed Test, The three tests are necessary 
in some instances in order to eliminate false positive results due to
mnon-coliform organisms that have similar biochemical characteristics 
but are of non-fecal origin. Normally, when sewage is being examined, 
only the first two tests are performed s'nce fecal contamination need 
not be proven. Thus, the MPN results obtained in this study are based 
on the results of the Confirmed Test and the Completed Test was not 
performed.
The Most Probable Number Test was performed periodically through­
out this investigation on samples of the raw sewage and test lagoon 
effluents. This test was accomplished in accordance with the Standard 
Methods for Examination of Water and Waste Water (36).
e, Hydrogen-Ion Concentration (pH) ,
The term pH is used universally to express the hydrogen ion con­
centrations of a solution. The pH value of a solution is the logarithm 
of the reciprocal of its hydrogen-ion concentration.
Most microorganisms cannot survive below a pH of 4.0 or above a 
pH of 9.5. At a low pH the hydrogen-ion concentration causes the key 
enzyme proteins to denature and the same is true of the effects of the 
hydroxyl-ion concentrations at a high pH (30), Therefore, a pH range 
condusive to microbial growth should be maintained in a biological 
treatment process.
The pH of a waste stabilization lagoon will indicate the algae 
activity since algae use carbon dioxide. The removal of free carbon di­
oxide by the algae would allow the pH to increase to about 8.3. If algae
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are growing rapidly more carbon dioxide is required, therefore, the addi 
tional carbon dioxide is removed from the bicarbonates present. The 
carbonate-ion concentration increases as the carbon dioxide is removed. 
Since the carbonate-ion is in equilibrium with the hydroxyl-ion and the 
bicarbonate-ion, an increase in the carbonate-ion concentration results 
in an increase in the hydroxyl-ion concentration and, therefore, an in­
crease of the pH value (35).
The pH determination was chosen as a control parameter to check 
the raw and aerated sewage for possible conditions of acidity or alka­
linity that would affect microbial growth. The pH of the lagoon 
effluents was measured as a possible indication of algae activity.
A Beckman Zeromatic pH Meter was used for this determination.
f. Microscopic Examination.
This examination was performed to determine the predominant algae 
types present as an indication of the progress of the oxidation of the 
sewage. It has been reported (28, pg. 55) that if the sewage oxidation 
pond contains a mixed flora of algae it can handle a heavier load, but 
if the pond effluents contain principally Chlorella, the pond is assumed 
to be operating at or over capacity.
This examination was accomplished using hanging drop slides from 
each of the experimental lagoon effluents. Identification was made 
visually with the use of a microscope and with the aid of color plates 
of polluted water algae printed by the U. S. Public Health Service
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(28, pg. 30). Only the predominant type of algae was identified since 
this parameter was only used as an indication of lagoon capacities.
2. Acclimatization of Test Lagoons.
During the period of December 31, 1961 to January 31, 1962 the 
test lagoons were acclimatized. On December 31, 1961 each of the two 
aquariums was filled with 12 gallons of the Missouri School of Mines 
tap water and one gallon of lagoon effluents from other test lagoons 
located at Missouri School of Mines Sanitary Engineering Laboratories . 
The lights were turned on and remained on continuously for the entire 
acclimatization period. Raw sewage was obtained from various locations 
in Rolla, Missouri, such as the activated sludge plant and several 
manholes. In most instances the sewage appeared weak, but no attempt 
was made to evaluate the strength of the feed sewage at this time. 
Sewage in the quantity of one liter was added daily to each of the 
experimental lagoons until the desired liquid depth in the test lagoons 
was obtained. After this depth was obtained approximately one liter of 
lagoon effluents was removed and one liter was added daily to each 
lagoon. This condition continued until January 20, 1962 when the 
quantities added were changed to two liters.
The parameters used during this period were dissolved oxygen, 
temperature and pH of each of the lagoons.
3. General Considerations of Investigation.
During the investigation the following conditions were employed 
for each phase:
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a. The experimental lagoons were operated as fill and draw units during 
the studies and a constant water level in the lagoons was maintained.
b. The sewage used for the investigation was obtained each day from a 
manhole on an 18 inch outfall sewer line on the south side of Rolla, 
Missouri. The type of sewage was primarily domestic. The sewage was ob­
tained as grab quantities since it was collected at only one time during 
each day. Composite sewage samples were not considered appropriate since 
fresh sewage for feed purposes was desired.
c. Aeration of the sewage was accomplished by passing compressed air 
through a diffuser located at the bottom of a container holding the re­
quired amount of sewage. The rate of air bubbled through the sewage was 
constant for the entire investigation and the duration of aeration was 
selected at four hours.
The rate of air supply was determined by measuring and timing the 
displacement of water from a partially submerged one liter cylinder and 
was found equal to 0.31 cubic feet per minute.
4. Special Considerations of Investigation.
The investigation was conducted in three phases and the amount of 
sewage feed was changed at the beginning of each phase.
a. Phase One.
During the first phase of the investigation two liters of raw 
sewage were added daily to the Control Lagoon and four liters of aerated 
raw sewage were added to the Test Lagoon. The anticipated loadings were
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35 pounds of BOD per acre per day and 70 pounds of BOD per acre per day, 
respectively•
The test parameters during this period were dissolved oxygen, bio­
chemical oxygen demand, suspended solids, most pr bable number, pH and 
microscopic examination.
b. Phase Two.
This second phase of the investigation was different from phase 
one because of the quantities of raw and aerated sewage that were added. 
During this period the quantities were doubled and therefore, on the 
basis of the previously obtained experience, the expected BOD loadings 
were 69 pounds per acre per day for the Control Lagoon and 138 pounds 
per acre per day (prior to aeration) to the Test Lagoon. The test 
parameters were the same as during phase one.
c . Phase Three.
During the final phase of the Investigation only the Control 
Lagoon was loaded with 8 liters of raw sewage per day. This was done to 
match the loadings of the Control Lagoon with those of the lagoon that 
received aerated sewage. The test parameters were the same as In phases 
one and two excepting the microscopic examination which was not performed.
C. EXPERIMENTAL RESULTS
1. Phase One (February 1, 1962 to March 14, 1962) .
The results which were obtained during phase one of this 
investigation are presented in four groups as follows:
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a. Biochemical Oxygen Demand.
The raw and aerated sewage was added daily in the quantities out­
lined under the experimental procedures. The daily BOD strength 
variation may be observed in Table I. The average BOD strength was used 
to calculate the loadings applied during phase one.
The anticipated loadings were 35 and 70 pounds of BOD per acre 
per day, but the actual computed loadings based upon the determined 
sewage strength were 34.7 and 69.4 pounds of BOD per acre per day.
The BOD strengths of the effluents from each lagoon are tabulated 
in Table I with an average BOD of 30 mg/1 from both the Control and Test 
Lagoons.
It may be noted from Table VIII that the BOD reduction in the 
Test Lagoon and the Control Lagoon were the same and equal to 92.3 
percent. The BOD reduction due to plain aeration was 7.7 percent.
b. Suspended Solids.
The results of the individual suspended solids determinations, 
presented in Table IV, were averaged and listed in Table IVa. The 
average raw sewage suspended solids concentration was 233.4 mg/1 and 
the suspended solids for the Test Lagoon and Control Lagoon effluents 
were 9.9 and 3.6 mg/1, respectively. Therefore, the percent removals 
obtained were 95.8 for the Test Lagoon and 98.4 for the Control Lagoon, 
as shown in Table VIII.
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BOD DATA FOR PHASE ONE 
1 February to 14 March 1962
Loadings were 2 liters of Raw Sewage and 4 liters Aerated Sewage









: B0I3, mg/1 
Control 
Lagoon
13 Feb. 62 350 330 30 32
15 Feb. 62 400 330 38 38
20 Feb. 62 430 400 40 38
21 Feb. 62 380 350 36 36
1 Mar. 62 520 500 48 43
2 Mar. 62 530 490 47 45
4 Mar. 62 500 450 28 26
5 Mar. 62 340 300 28 18
6 Mar. 62 360 340 16 16
7 Mar. 62 380 360 28 22
8 Mar. 62 180 230 22 12
9 Mar. 62 430 430 32 29
11 Mar. 62 350 260 18 36
12 Mar. 62 360 300 26 36
14 Mar. 62 320 320 21 15
Average 390 360 30 30
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c. Coliform Group Determination.
The numbers of coliforms present in the raw sewage and the lagoon 
effluents are presented in Table V. It should be noted that the percent 
reduction of coliform organisms in each of the lagoons was the same and 
equal to 99.99 percent, as indicated in Table VIII.
d. Microscopic Examination.
A microscopic examination of each of the lagoon effluents, 
performed on March 14, 1962 revealed that Chlorella was the predominant 
type of algae in the Test Lagoon and that a mixed flora was present in 
the Control Lagoon.
2, Phase Two (March 15, 1962 to April 10, 1962).
The test results that were obtained during this phase of the 
investigation were as follows:
a. Biochemical Oxygen Demand.
During this period the quantities of sewage added to each of the 
test lagoons were doubled and the anticipated loadings were 70 and 140 
pounds of BOD per acre per day for the Control and Test Lagoons, 
respectively. The calculated actual loadings based upon the average 
values of the raw sewage were 59 and 118 pounds of BOD per acre per 
day respectively. The individual test results obtained for the BOD of 
the sewage feeds are tabulated in Table II. It should be noted that 
the BOD tests performed during the periods of March 20, 1962 to April 1, 
1962 were not considered accurate since the temperature control of the
BOD DATA FOR PHASE TWO 
15 March to 11 April 1962
Loadings were 4 liters of Raw Sewage and 8 liters of Aerated Sewage













15 Mar. 62 350 330 21 8
16 Mar. 62 310 340 17 6
17 Mar. 62 410 330 8 6
18 Mar. 62 270 270 14 5
2 Apr. 62 210 185 9 7
4 Apr. 62 340 230 12 12
6 Apr. 62 310 190 15 9
7 Apr. 62 260 190 15 6
8 Apr. 62 480 470 15 12
10 Apr. 62 320 310 18 15
Average 325 285 14 9
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BOD incubator was in error. The average BOD of the raw sewage was 325 
mg/1 while that of the aerated raw sewage was 285 mg/1.
The BOD values determined on the experimental lagoon effluents 
are listed in Table II and had an average BOD value of 14 and 9 mg/1 
for the Test Lagoon and Control Lagoon, respectively.
The BOD reductions effected by the lagoons were 95.7 and 97.3 
percent for the Test and Control Lagoons, respectively, and are shown 
in Table VIII. The BOD reduction due to plain aeration was 12.3 percent
b. Suspended Solids,
The results of the individual suspended solids determinations, 
given in Table IV, were averaged and presented in Table IVa. The 
average raw sewage suspended solids was 242.5 mg/1 and the suspended 
solids for the Test Lagoon and Control Lagoon effluents were 10.0 and 
9.5 mg/1. From these values the percent removals for each of the 
lagoons were computed and found to be 95.8 for the Test Lagoon and 
95.85 for the Control Lagoon, as shown in Table VIII.
c. Coliform Group Determination.
It may be noted in Table V that the results obtained on the 
number of coliforms present in the raw sewage varied from 5,420,000 to 
3,480,000 MPN per 100 ml. The lagoon effluents varied from 34,500 to 
500 MPN per 100 ml for the Test Lagoon and 17,200 to 300 MPN for 100 ml 
for the Control Lagoon. However, the percent reductions in each of the 
lagoons were 99.6 percent, as shown in Table VIII.
BOD DATA FOR PHASE THREE 
12 April to 16 April 1962 
Loading was 8 liters of Raw Sewage
T A B L E •I I I
Date




12 Apr. 62 240 6
13 Apr• 62 260 20
14 Apr, 62 300 30
16 Apr. 62 370 25
Average 290 20
d. M i c r o s c o p i c  E x a m i n a t i o n .
The microscopic examination was performed at the end of this phase 
and revealed no change in the Test Lagoon. However, the Control Lagoon 
developed Chlorella as the predominant type of algae.
3. Phase Three (April 11, 1962 to April 21, 1962).
The following are the results of the determinations accomplished 
during this third phase of the investigation:
a. Biochemical Oxygen Demand.
During this phase the Control Lagoon was loaded at approximately 
the same BOD in pounds per acre per day as was applied to the Test 
Lagoon after aeration during the previous phase. At this loading the 
Test Lagoon did not remain aerobic since on April 20, 1962 the dissolved 
oxygen content dropped to zero. BOD determinations from April 17, 1962 
through April 21, 1962 were not made due to a faulty temperature control 
in the BOD incubator.
b . Suspended Solids .
Suspended solids are tabulated and averaged in Tables IV and IVa, 
respectively. It may be noted that the suspended solids removal was 
95.4 percent and did not vary appreciably from the previous test phases.
c. Coliform Group Determination.
The numbers of coliforms present in the raw sewage and Control 
Lagoon effluents are presented in Table V. It should be noted that the
36
LIABLE I V
S U S P E N D E D  S O L I D S  D A T A




£ of Test ControlRaw Sewage Lagoon Lagoon
Date mg/1 mg/1 mg/1
20 Feb. 62 220 5.2 1.9




10 Mar, 62 19.3 2.1
11 Mar. 62 1.4
12 Mar. 62 239 5.2
14 Mar, 62 3.7 2.8
1 Apr. 62 o 2.6 1.8
4 Apr. 62 g 204 7.0 14.2
6 Apr. 62 281 20.5 12.6
19 Apr. 62 H 205 8.0
20 Apr. 62 232 12.2
TABLE IVa










m t s , mg/1
•Control Lagoon
One 233.4 9.9 3.5
Two 242.5 10.0 9.5
Three 218.5 10.1
*7
T A B L E  V
C O L I F O R M  D A T A
P h a s e s ,  O n e ,  T w o  a n d  T h r e e
Coliforms in Effluent
CO<lJ Coliforms in MPN/100 ml
fU Raw Sewage Test ControlDate MPN/100 ml Lagoon Lagoon
6 Mar. 62 5,420,000
9 Mar . 62 uzo 5,420,000 2,400 1,300
11 Mar . 62 3,480 3,480
25 Mar. 62 34,500 13,000
26 Mar . 62 1,300 7,000
27 Mar. 62 o 500 7,000
4 Apr . 62 3,480,000 12,000 17,200
8 Apr. 62 5,420,000 10,900 330
16 Apr. 62 3,480,000 27,800




percent reduction decreased from the values obtained in the previous 
phases to 94.1 percent.
4 . General Results.
The results listed below summarize the dissolved oxygen and pH 
determinations and the detention times provided for all three phases of 
the investigation.
a. Dissolved Oxygen.
It may be noted from Table VI that the dissolved oxygen expressed 
in mg/1 generally decreased with an increase in loading. The Test 
Lagoon at the start of the investigation had a dissolved oxygen content 
of 11.1 mg/1 and during the second phase at a loading of 118 pounds of 
BOD per acre per day (prior to aeration) the dissolved oxygen content 
dropped to below 1 mg/1. The Control Lagoon started with a dissolved 
oxygen content of 11.6 mg/1 and during the third phase at a loading of 
111 pounds of BOD per acre per day the dissolved oxygen content dropped 
to zero.
b. Hydrogen Ion Concentration.
The pH values measured on the raw sewage, aerated sewage and test 
lagoon effluents are tabulated in Table VII.
c . Detention Time .
The following is a summary of the detention times that were pro­
vided in each of the experimental lagoons during the three phases of the 
examination.
T A B L E  V I
D I S S O L V E D  O X Y G E N  D A T A








Test Control Test Control
Date Lagoon Lagoon Date P4 Lagoon Lagoon
3 Jan. 62 3.2 4.0 23 Mar. 62 .5 .7
8 Jan. 62 5.6 5.1 23 Mar. 62 .3 .5
10 Jan• 62 7.2 6.3 26 Mar. 62 1.3 .6
13 Jan. 62 7.3 8.5 27 Mar. 62 .9 1.2
18 Jan. 62 10.2 9.5 31 Mar. 62 .3 .6
25 Jan. 62 12.3 12.4 1 Apr. 62 O .7 .9
28 Jan. 62 10.9 11.2 2 Apr. 62 g .5 .9
1 Feb. 62 11.1 11.6 6 Apr. 62 1.1 1.2
2 Feb. 62 8.1 8.7 8 Apr. 62 1.0 .9
3 Feb. 62 7.9 6.8 10 Apr. 62 .7 .7
16 Feb. 62 4.1 5.0 11 Apr. 62 1.0 2.1
28 Feb. 62 g 3.3 3.0 12 Apr. 62 2.3
1 Mar. 62 o 1.6 1.4
2 Mar. 62 2.5 2.3 13 Apr. 62 1.6
9 Mar. 62 2.1 2.5 14 Apr. 62 1.1-
14 Mar. 62 ^1.3 1.6 16 Apr. 62 1.1
15 Mar. 62 .8 1.2 17 Apr. 62 .7
15 Mar. 62 2.2^ 1.5^ 18 Apr. 62
u .116 Mar. 62 2.0 1.5 19 Apr. 62 .15
17 Mar. 62 1.7 1.6 20 Apr. 62 H 0
18 Mar. 62 1.2 .5 21 Apr. 62 0
19 Mar. 62 o
g
.5 1.7
20 Mar. 62 .2 .6
21 Mar. 62 .9 .8
21 Mar. 62 .2'’ .9*'
a. Immediately after loading
b. 4 hours after lights turned off
TABLE VII 
pH DATA











10 Jan. 62 7.8 ' 8.0
20 Jan. 62 8.2 8.3
31 Jan. 62 8.3 8.0
6 Feb. 62 8.1 8.1
13 Feb. 62 7.6 7.9 8.0 8.0
15 Feb. 62 7.6 8.1 8.2 8.2
20 Feb. 62 7.7 8.1 8.1 8.1
21 Feb. 62 7.4 7.8 7.8
23 Feb. 62 7.7 8.2 8.0 8.0
24 Feb. 62 7.4 8.0 7.8 7.9
25 Feb. 62 7.7 8.2 8.1 8.1
26 Feb. 62 7.7 8.2 8.4 8.4
27 Feb. 62 Z 7.7 8.5 8.4 8.4
1 Mar. 62 O 7.8 8.4 8.2 8.1
2 Mar. 62 7.7 8.4 7.9 8.0
4 Mar • 62 8.0 8.4 8.3 8.3
5 Mar. 62 7.6 8.4 8.3 8.3
6 Mar. 62 7.8 8.4 8.0 8.1
7 Mar. 62 7.75 8.4 8.1 8.2
8 Mar. 62 7.7 8.4 8.0 8.0
11 Mar. 62 7.6 8.5 7.9 7.85
14 Mar. 62 7.4 8.5 7.9 7.8
15 Mar. 62 7.4 8.1 7.4 7.5
16 Mar. 62 O 7.3 8.2 7.4 7.5
17 Mar. 62 g 7.1 7.9 7.6 7.7
18 Mar. 62 7.65 8.4 8.0 7.9
T A B L E  V I I  ( C O N T . )
p H  D A T A











19 Mar• 62 7.2 8.1 7.8 7.8
20 Mar, 62 7.2 8.1 7.9 7.9
21 Mar. 62 7.3 8.2 7.9 7.9
22 Mar. 62 7.3 8.2 7.7 7.7
23 Mar. 62 7.6 8.2 7.8 7.9
24 Mar. 62 7.6 8.2 8.0 7.9
25 Mar. 62 7.5 8.2 7.7 7.8
26 Mar. 62 7.5 8.1 7.9 7.9
27 Mar. 62 7.4 8.2 7.8 7.9
28 Mar. 62 7.6 8.1 7.8 7.8
29 Mar. 62 7.6 8.0 7.9 8.1
30 Mar. 62 7.7 7.9 8.2 8.0
31 Mar. 62 o 7.7 8.0 8.1 7.9
1 Apr, 62 7.7 7 .9 7.9 8.0
5 Apr. 62 7.7 8.3 8.0 8.0
6 Apr. 62 7.6 8.3 8.1 8.0
7 Apr. 62 7.7 8.3 8.1 8.0
8 Apr . 62 7.1 7.9 8.1 8.0
11 Apr. 62 7.5 7.8 7.8
12 Apr. 62 7.3 7.4
13 Apr. 62 7.2 7.6
14 Apr. 62 § 7.5 7.8EH17 Apr. 62 7.5 7.8
19 Apr. 62 7.4 7.6
TABLE VIII













1 Feb. - 14 
Mar. 62 7.7 91.7 92.3 92.3
TWO
15 Mar. - 11 
Apr. 62 12.3 95.2 95.7 97.3
THREE




SUSPENDED SOLIDS COLIFORM REMOVALS
REMOVA]^  7o %
Test Control Test Control
Phase Lagoon Lagoon Lagoon Lagoon
ONE
1 Feb. - 14
Mar. 62 95.8 98.4 99.99 99.99
TWO
15 Mar. - 11
Apr. 62 95.8 95.85 99.6 99.6
THREE
12 Apr. - 20
Apr. 62 95.4 94.1
*For detailed data see Tables I, II, III, IV, IVa and V
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(1) Phase one.
Test Lagoon: --------13 days
Control Lagoon: ----- 26 days
(2) Phase two.
Test Lagoon: --------6.5 days
Control Lagoon: -----13 days
(3) Phase three.
Control Lagoon: -----6.5 days
It should be pointed out that the above detention times were 
calculated on a volume basis .
D. DISCUSSION OF RESULTS
1. Biochemical Oxygen Demand.
A BOD loading of 34.7 pounds per acre per day was applied to 
the Control Lagoon during phase one and corresponded to the maximum 
recommended loading by the Missouri Basin States (25). All other 
loadings of the Test and Control Lagoons were in excess of those 
generally recommended for raw sewage lagoons.
Aeration at approximately 0.30 cfm and a 4 hour detention period 
resulted in an average BOD reduction of 7.7 and 12.3 percent for phases 
one and two, respectively. These BOD reductions by means of plain 
aeration were in agreement with a previous study at Iowa State College 
by Seidel and Baumann (33) who investigated the effect of preaeration 
on the primary treatment of sewage. These authors reported that
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reductions of BOD in the range of 8 to 15.5 percent were obtained with 
aeration. However, it should be emphasized that in the Iowa study the 
reductions obtained in the laboratory investigations were not 
substantiated in plant operation. Therefore, in view of the difference 
reported between the laboratory and plant studies at Iowa the possibility 
also exists that a similar ;difference may be found if a plant-scale study 
were to be made for comparison with this particular investigation.
The lagoons performed at approximately the same efficiency during 
phases one and two, as indicated by the BOD removals shown in Table 
VIII. The Control Lagoon provided an average of 97.3 percent BOD re­
moval at a loading of 59 pounds of BOD per acre per day during phase two 
while during phase one the Test lagoon resulted in an average BOD removal 
of 92.3 percent at a loading (prior to aeration) of 69.4 pounds of BOD 
per acre per day. This indicated that, up to a loading of 59 pounds of 
BOD per acre per day, aeration had no appreciable effect on the BOD re­
movals. However, when the loading of the Control Lagoon was increased 
to 111 pounds of BOD per acre per day the lagoon became oxygen deficient 
indicating an overloaded condition. This should be compared to the Test 
lagoon during phase two which at approximately the same loading of 
aerated sewage remained aerobic. This comparison indicates that pre­
aeration assisted in maintaining aerobic conditions at loadings (prior 
to aeration) up to 118 pounds of BOD per acre per day.
The average percent BOD removals obtained in the Test and Control 
Lagoons were both 92.3 percent and for phase one and 95.7 and 97.3 
percent, respectively for phase two. The percent BOD removal measured 
in the Control Lagoon during phase three was 93.1 percent, but the
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lagoon became anaerobic on April 20, 1962, and the studies were dis­
continued, Therefore, the 93.1 percent reduction, reported above, was 
based on a limited number of test samples obtained while the lagoon was 
still aerobic.
It should be noted that the lagoon effluents contained algae and 
that according to McKinney (30, pg.l77) algae exert a BOD during 
incubation since the BOD samples are incubated in the dark. Therefore, 
the presence of algae would tend to increase the BOD values of the 
incubated effluents over what these values would have actually been if 
the effluents were discharged into a receiving stream. Also, that it 
has been discussed in the literature by Ludwig et al (19) the algae 
cells in lagoon effluents are normally "young*' and they would help the 
reoxygenation of the stream to which they are discharged.
2 , Suspended Solids.
The suspended solids removals, during all three phases of the 
study, remained above 95 percent as indicated in Table VIII. The amount 
of suspended solids of the effluents were at maximum of 10.1 mg/1 at the 
heavier loading of 111 pounds of BOD per acre per day to the Control 
Lagoon.
It should be mentioned that the suspended solids removals compare 
closely at each loading and thus, aeration did not appear to exert any 
effect on these removals.
It is believed that the excellent suspended solids removals can be 
attributed to the absence of mixing except when loading, which under the 
test conditions gave a settling time of 24 hours.
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3. Coliform Croup Removals.
The reductions in coliform organisms in the experimental lagoons 
ranged from a high of 99.99 percent to a low of 94.1 percent as shown in 
Table VIII. The greatest reductions were accomplished during the 
longest detention times with the 99.99 percent reduction obtained at 
detention times of 26 days for the non-aerated sewage and 13 days for 
the aerated sewage. The lowest reduction of 94.1 percent occurred 
during the third phase of the investigation with a detention time of 6.5 
days. From the trend displayed, it is evident that the detention time 
is the primary factor in the removal of the coliform group. The lagoon 
environment is not condusive to coliform reproduction, therefore, after 
a period of time these organisms will die. However, it should be noted 
that aeration appeared to assist in coliform reductions. Conq>aring the 
various phases, the Test Lagoon produced an effluent with a greater re­
duction in coliforms than the Control Lagoon. This is particularly evi­
dent at the heavier loadings of 118 and 111 pounds of BOD per acre per 
day at the same detention time. The Test Lagoon performed with 99.6 
percent coliform removal while the Control Lagoon operated at 94.1 
percent removal.
4. Microscopic Examination.
This examination was used as an indication of the operating con­
dition of the lagoons. The presence of a mixed flora of algae is indi­
cative of a lagoon operating below capacity, but if Chlorella develop as 
the predominant algae the lagoon is known to be operating near its 
capacity (28).
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During the first phase, the Control Lagoon contained a mixed flora 
of polluted water algae. No attempt was made to identify the algae of 
the mixed flora. However, the Test Lagoan contained Chlorella as the 
predominant algae indicating operation near capacity. As the loadings 
were increased in phase two, Chlorella became the predominant type of 
algae in the Control Lagoon and continued as the predominant type in the 
Test Lagoon.
5. Dissolved Oxygen.
The amount of dissolved oxygen concentrations during the in­
vestigation decreased as the loadings were increased, as is indicated 
in Table V I .
During the accimalization period at low BOD loadings the dissolved 
oxygen concentration rose to a high of 12.3 and 12.4 mg/1 in the experi­
mental lagoons indicating an active algae flora. However, when the 
experimental lagoons were loaded with 69.4 (prior to aeration) and 34.7 
pounds of BOD per acre per day the oxygen concentration decreased to 1.3 
and 1.6 mg/1, respectively, at the end of one and one half detention 
periods. As the loadings were increased to 118 (prior to aeration) and 
59 pounds of BOD per acre per day the dissolved oxygen continued to 
decrease and the lagoons operated at less than 1 mg/1 dissolved oxygen 
for the majority of the time.
During the third phase the dissolved oxygen decreased to zero 
after nine days of loading the Control Lagoon with 111 pounds of BOD 
per acre per day. This indicated that this loading was too great and
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the algae could not produce enough dissolved oxygen to satisfy the 
bacterial respiration requirements,
An analysis of the dissolved oxygen and BOD reductions indicated 
that the lagoons operated efficiently at loadings of 59 and 118 pounds 
(prior to aeration) of BOD per acre per day of raw sewage and aerated 
sewage, respectively, since during these loadings the lagoons remained 
aerobic during the light periods. A test made on March 21, 1962 after 
the lights were off for four hours revealed a drop in the dissolved 
oxygen content of the test lagoon. This indicated a tendency of the 
lagoon to become oxygen deficient during periods of darkness. However, 
no appreciable odors were detected from the lagoons in the mornings 
after the lights were on for approximately one hour. In fact, during 
the entire test period odors were not detectable unless the lagoons 
themselves were closely tested. It may be pointed out that if any 
amount of odors were present it would have been easily detected since 
the experimental lagoons were located in a small closed room. The odor 
produced was a swampy, musty odor except that when the loadings were 
changed a slight sewage odor developed for approximately three days 
following this change.
6. Hydrogen-Ion Concentration (pH).
The pH measurements were made as a check on the condition of the 
raw and aerated sewage added and as an indication of the algae activity.
A review of the pH data. Table VII, does not show an appreciable 
difference in the condition of the pH raw sewage which had a low pH value
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of 7.1 and a high pH value of 8.0. However, the major portions of the 
daily sewage added were in the pH range of 7.6 to 7.7. These values 
compared closely with published pH data for sewage (37).
The pH values of the aerated sewage ranged, for the most part, 
between 8.2 and 8.4. This would indicate that a removal of carbon 
dioxide from the sewage occurred (35).
The pH valuesof the lagoon effluents closely paralleled each other 
during the entire investigation and for the most part remained above 8.0 
during the lower loadings of phase one. As the loadings were increased 
the pH decreased. In addition the dissolved oxygen content was also 
decreased and this indicated that pH values determinations may be used 
as an indicator of algae activity as has been reported by Sawyer (35).
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IV. CONCLUSICMS AND RECOMMENDATIONS
On the basis of the results of this investigation utilizing a 
light intensity of varying between 385 and 600 foot candle, a four 
aeration period of diffused air at 31 cubic feet per minute and a 
temperature of 21 +  1°C. the following conclusions and recommendations 
are presented:
A. CONCLUSIONS
On the basis of the results of this investigation the following
conclusions may be drawn.
1. Preaeration had no appreciable effect on the total BOD removals 
with loadings up to 59 pounds of BOD per acre per day.
2. Preaeration helped maintain aerobic conditions in the Test Lagoon 
when it was loaded with 118 pounds of BOD per acre per day (prior 
to aeration). It may be noted that the Control Lagoon when loaded 
with 111 pounds of BOD per acre per day became anaerobic after 8 
days of operation.
3. Preaeration alone provided average BOD removals in the range of 
7.7 to 12.3 percent.
4. Preaeration had no additional effect on the suspended solids re­
movals by the experimental lagoons.
5. A trend developed indicating a lower coliform count in the lagoon 
fed with aerated sewage. This tendency was not investigated in any 
detail •
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6. The development of Chlorella as the predominant type of algae in 
heavily loaded lagoons, which has been reported in other previous 
investigations, was confirmed,
B. RECOMMENDATIONS
The object of this investigation was to study the effects of 
preaeration on the biochemical oxygen demand loadings of raw sewage 
oxidation lagoons, It is concluded that preaeration for four hours in­
creased the capacity of the lagoon up to a loading of 118 (prior to 
aeration) pounds of BOD per acre per day and the following recommen­
dations may be made:
1. That lagoon loadings be increased approximately three and one half 
times from the present design criteria of 34 pounds of BOD per 
acre per day with the installation of a preaeration unit.
2. That the permissible loading with aeration may be increased to at 
least 118 pounds of BOD per acre per day.
3. That the effects of preaeration should be considered as a means of 
increasing the capacity of existing lagoons or reducing the size of 
proposed lagoons•
4. That plant scale study should be performed to confirm these laboratory 
results. This is particularly important in view of the Iowa study 
by Seidel and Baumann (33) on the effects of preaeration on primary 
treatment, in which reductions of BOD and suspended solids were ob­
tained in the laboratory but not substantiated in plant operation.
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5. That additional study is required to evaluate the effect of the 
length of the detention time of aeration and the quantity of air. 
These two items were constants in this investigation and there is a 
definite need for establishing the most efficient detention time of 
aeration and the most economical quantity of air required.
6. That additional investigation should be undertaken to study the 
effect of preaeration on coliform removals.
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